1,4
-Dafachronic acid and its methyl ester are natural products isolated from corals and have been obtained by synthesis for the first time. (25S)-5α-Hydroxy-3,6-dioxocholest-7-en-26-oic acid represents a promising synthetic precursor for cytotoxic marine steroids.
The genes daf-9 and daf-12 play a key role in controlling the life cycle and longevity of the nematode Caenorhabditis elegans.
1,2
It was found that daf-9 encodes a cytochrome P450 oxidase which completes the synthesis of dafachronic acids 1 and 2 (Fig. 1) . These steroidal acids are ligands for the hormone receptor DAF-12.
3 By binding of dafachronic acids, DAF-12 is inactivated and the nematodes undergo normal reproductive development. In the absence of these ligands, DAF-12 is activated and dauer larvae are generated. 2 Due to their hormonal activity and the importance for investigations in developmental biology, several synthetic routes have been reported for the dafachronic acids. [4] [5] [6] [7] [8] [9] [10] We have developed a highly efficient synthetic route to (25S)-Δ 4 -dafachronic acid (1) and (25S)-Δ 7 -dafachronic acid (2). 6,10 A crucial intermediate for our approach is the orthogonally diprotected diol 4 which has been prepared from 3β-hydroxychol-5-en-24-oic acid (3) in 8 steps and 66% overall yield using an Evans aldol reaction as key step (Scheme 1).
6 With 4 as relay compound both hormonally active dafachronic acids became readily accessible. Desilylation of 4, Oppenauer oxidation with isomerization of the double bond, cleavage of the pivalate and Jones oxidation led to (25S)-Δ 4 -dafachronic acid (1) in an improved 39% overall yield (12 steps). Alternatively, sequential removal of both protecting groups of compound 4 by desilylation with TBAF and subsequent cleavage of the pivalate via reduction using lithium aluminium hydride, catalytic hydrogenation of the double bond and Jones oxidation provided the unnatural (25S)-dafachronic acid (5) (12 steps, 53% overall yield). For the synthesis of (25S)-Δ 7 -dafachronic acid (2), the double bond of the orthogonally diprotected diol 4 was moved from the 5,6-to the 7,8-position via the following four-step sequence. Allylic oxidation at C-7 to the enone 6, hydrogenation of the 5,6-double bond, stereoselective reduction to the 7α-alcohol 7 and finally, elimination of water afforded compound 8. Removal of both protecting groups of 8 (first of the silyl and then of the pivaloyl group) followed by Jones oxidation provided (25S)-Δ 7 -dafachronic acid (2) in 15 steps and 27% overall yield.
Herein, we describe an efficient synthesis of novel dafachronic acids and of naturally occurring steroidal acids which have been isolated from corals. A first investigation of their hormonal activity is also presented. Using the palladium(II)-catalyzed process reported by Stahl et al. 3-oxosteroids can be regioselectively dehydrogenated at the 1,2-position. 11 Thus, (25S)-dafachronic acid (5), (25S)-Δ 4 -dafachronic acid (1) and (25S)-Δ 7 -dafachronic acid (2) have been transformed directly into (25S)- -dafachronic acid (11) in yields ranging from 75 to 93% (Scheme 2). ‡ 11 In this context, it is noteworthy that compound 10 was recently described as a natural product. Namikoshi et al. isolated (25S)-3-oxocholesta-1,4-dien-26-oic acid (10) from the Indonesian soft coral Minabea sp. 12 Thus, our present route also constitutes the first synthesis of this natural product.
In an alternative approach to (25S)-Δ 1,4
-dafachronic acid (10), (25S)-Δ 4 -dafachronic acid (1) was initially converted to the corresponding methyl ester 12 (Scheme 3). Dehydrogenation with 1.3 equiv. 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) in the presence of tert-butyldimethylsilyl chloride (TBSCl) afforded the cross-conjugated dienone 13 in 65% yield along with 20% of starting material. ‡ 13 The course of this reaction is much more difficult to control as compared to the procedure described by Stahl et al. 14 However, they left the configuration at C-25 of their natural product undetermined. A comparison of the value reported by Zubía et al. for the 13 C NMR signal of C-27 (δ = 17.0 ppm) 14 with the value we have observed for C-27 of compound 13 (δ = 17.23 ppm) led us to assign an S configuration for C-25 of natural methyl 3-oxocholesta-1,4-dien-26-oate. Our assignment is based on the distinct difference found between the 13 C NMR signals for C-27 of the (25S) and the (25R) series: This difference is observed for the carboxylic acids (compare Table 2 -steroiddiol 15. The regio-and the stereochemistry of 15 has been confirmed by an X-ray crystal structure determination (Fig. 2) . § Finally, Jones oxidation afforded (25S)-Δ 8(14) -dafachronic acid (16) in 16 steps and 25% overall yield based on 3. ‡
In a further study, we investigated the chemistry of a corresponding B-ring diene 3β,26-steroid diol resembling vitamin D. 16 Starting from enone 6, an additional double bond at position 7,8 was introduced via the Shapiro reaction (Scheme 5). 17 Conversion of 6 to the tosylhydrazone 17 followed by treatment with an excess of lithium hydride provided the 5,7-diene 18. Removal of the silyl and then the pivaloyl protecting group afforded (25S)-cholesta-5,7-diene-3β,26-diol (19). At this stage, the structural assignment has been additionally confirmed by X-ray analysis of single crystals of 19 (Fig. 3) . ¶ Jones oxidation of compound 19 generated as expected the ketone at C-3 and the carboxylic acid at C-26. However, an additional dioxygenation of the 5,6-double bond led to (25S)-5α-hydroxy-3,6-dioxocholest-7-en-26-oic acid (20) . ‡ This structural assignment has been confirmed by extensive 2D NMR experiments (Fig. 4 and ESI †) . It is noteworthy that Shin et al. have isolated bioactive steroids from the gorgonian Acalycigorgia inermis with structural features very similar to compound 20. 18 The synthesis of these natural products is currently in progress in our laboratories. Cleavage of the pivalate of the 5,7-diene 18 led to compound 21 which on Diels-Alder cycloaddition with 4-phenyl-1,2,4-triazoline-3,5-dione (PTAD) afforded the adduct 22.
19 Jones oxidation of 22 proceeded with concomitant elimination of the heterocycle and provided directly (25S)-Δ 4,6,8(14) -dafachronic acid (23). ‡ Finally, we have tested the hormonal activity of the novel (25S)-dafachronic acids in rescuing worms from dauer arrest. The details of our bioassay protocol have been described previously.
5b,6b Mutant worms daf-9(dh-6) are lacking the DAF-9 activity. Therefore, they cannot produce the ligands for the DAF-12 receptor and arrest as dauer larvae. Feeding of daf-9(dh-6) mutant worms with the (25S)-dafachronic acids described above led to a rescue from dauer arrest and to the development of adults. The ability to rescue the daf-9(dh-6) mutant worms from dauer arrest and to induce normal development of adults varies significantly for the different (25S)-dafachronic acids (Fig. 5) .
The activity of the (25S)-dafachronic acids is dependent on the location of the double bond(s). The most active compounds are (25S)-Δ 1,7 -dafachronic acid (11) -dafachronic acid (16) are the least active compounds in this series. Previously, we have shown that (25S)-dafachronic acid (5) has about the same activity as (25S)-Δ 4 -dafachronic acid (1). 6b, 10 The present results emphasise the importance of the double bond at position 7,8 for the hormonal activity of dafachronic acids.
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Notes and references ‡ Spectroscopic data for (25S)-Δ 1 -dafachronic acid (9): Colourless crystals, mp 112-115°C; 13 
